The shape of a popular split-ring defected ground structure (DGS) is modified by etching two concentric split-ring defective pattern which have different size and inverse split direction in the ground plane underneath a microstrip line. The frequency characteristics of proposed DGS unit show an attenuation zero close to the attenuation pole frequency. As a result, better transition sharpness is observed. An equivalent lumped L-C network is proposed to model the introduced DGS unit and corresponding L-C parameters are extracted. A 3 rd order quasi-elliptic lowpass filter is designed by cascading the three investing DGS units under High-Low impedance microstrip line and the generated first harmonic has been removed with the help of defected microstrip structure (DMS) underneath the cascading DGS unit.
Introduction
In 1999, defected ground structure was firstly proposed by Park et al. based on the idea of photonic band-gap (PBG) structure and had found its application in the design of planar circuits and low-pass filters [1] [2] [3] etc. A defected ground structure is realized by etching a defective pattern in the ground plane underneath a microstrip line which disturbs the shield current distribution in the ground plane and is a attractive solution for achieving finite passband, finite rejection band and slow wave characteristics. This disturbance can change the characteristics of a transmission line such as equivalent capacitance and inductance to obtain the slow-wave effect and band-stop property. Thus, it obtains wide stop band and compact size, which meet emerging application challenges.
Dumb-bell shaped DGS is explored first time by D. Ahn and applied to design a lowpass filter [1, 2] . Unit cell has been described as a one-pole Butterworth filter, where the capacitance comes only from the gap and the inductance comes only from the loop. The study of dumbbell DGS with various head shape have appeared in the literature recently and they are used to design couplers, dividers and amplifiers [3] [4] [5] [6] etc. It is well known that a filter with attenuation poles and attenuation zeros at finite frequencies shows higher selectivity compared to all pole filter. A DGS with quasi-elliptical response was proposed by Chen J.-X recently [7] . Various good filtering responses can be achieved with the different DGS units [8] [9] [10] [11] [12] In this paper, a symmetric DGS pattern with reference to transmission line is proposed. Its unit cell consists of two concentric split-ring defective pattern which have different size and inverse split direction in the ground plane underneath a microstrip line. The investigated DGS unit produces an attenuation zero near to the attenuation pole frequency, which yields a very sharp transition band. A general equivalent circuit represented by cauer's Π -network is proposed for describing the DGS unit. Finally, good LPF with wide stopband is achieved with introducing cascaded DGS units underneath a Hi-Lo defected microstrip structure. The first harmonic has been removed by proper designing of defected microstrip structure (DMS) in addition with DGS units. Figure 1 (a) shows the schematic diagram of the investigated DGS unit pattern etched off the backside metallic ground plane underneath a microstrip line. In the layout of DGS unit, an outer split -ring (of length and breadth L, width t, and split gap g) within which another splitring with same split gap maintaining the separation 'c' is proposed and both split rings are concentric with inverse split direction. In order to investigate the frequency characteristics of the DGS unit, it is simulated by the MoM based IE3D EM-simulator. The different dimensions of the DGS unit are considered as L=8 mm, c=t=1 mm and g=h=1mm. The substrate with a dielectric constant of 3.2, loss tangent 0.0025 and thickness 0.79 mm is considered for the microstrip line. The width (w) of the conductor strip on the top plane is 1.92 mm corresponding to 50-ohm characteristic impedance.
Frequency Characteristics of the DGS
The simulated S-parameters are plotted in Figure 1 (b). The simulated values of 3-dB cutoff frequency (f c ) and pole frequency (f p ) are 3.1 GHz and 3.4 GHz, respectively. The attenuation zero is observed at 3.4 GHz, which is very close to the attenuation pole location (3.1 GHz). As a result, high sharpness factor is obtained in transition band. The passband insertion loss is almost 0.8 dB. Figure 2 (a) shows the proposed loss-less equivalent circuit, which is represented by Cauer's Π -network. The introduced equivalent circuit consisting of series impedance Ya (of Lg, Cg) and shunt impedance Y b (of Cp) is connected in series with impedance Z 0 of a transmission line as illustrated in Figure 2 (a).
Equivalent circuit and Parameter Extraction

Figure 2 (a). Equivalent circuit (Cauer's Π -model)
Since the parallel capacitance might cause changing the characteristics impedance level and electrical length of DGS unit section, it should be considered as a part of equivalent circuit for more accurate modeling procedure. In this model, the equivalent circuit is not composed of resistors, as the losses resulting from the radiation and dielectric substrate are not considered. The proposed approach using Cauer's network with the complex S-parameter transform technique is only for two port equivalent circuit of DGSs. Parameter extraction begins with Sparameters of the DGS being modeled. The S-parameters of the unit DGS cell at reference plane should be calculated by a full-wave 3-D-EM frequency domain simulation. In the case of using the Cauer network synthesis technique, to represent the acquired information in a physically meaningful format, the S-parameters need to be directly converted to the impedance (or admittance) parameters, which are the rational function.
However, the proposed approach uses the complex S-parameter transform technique. Once the S-parameters are calculated at the complex cutoff frequency by using fullwave 3-D-EM frequency domain simulation by employing the S-parameter transform relation, the calculated S-parameters can be easily converted to the ABCD-parameters.
Then, the ABCD-parameters are converted to the admittance parameters as expressed in Here, Ya and Yb mean the series and parallel admittances of the proposed Π -type lossy equivalent circuit of Figure 2 (a), respectively. The resulting relation between the equivalent circuit parameters of the Π -type symmetrical two-port circuit and the equivalent circuit parameters of the proposed DGS circuit are given by
Since the calculated S-parameters for the unit DGS circuit are complex, the resulting equivalent circuit parameters of the Π -type symmetrical two-port circuit are also complex. From these relations, the equivalent circuit parameters of the proposed DGS circuit are given by ( )
Where, W 1 and W 2 represent the cutoff frequency and the attenuation pole location in 3-D-EM simulation for the unit DGS circuit, respectively.
The achieved dimensions of the proposed DGS unit from the circuit model analysis are L g = 1.385 nH, C g = 1.582 pF and C p = 0.967 pF The EM-simulated and circuit-simulated Sparameters are presented in Figure 2 In Figure 2 (b) the simulated S-parameter results are matched to the 3 rd order elliptical lowpass filter response having attenuation pole at 3.4 GHz, attenuation zero at 3.1 GHz and stopband ratio of 1.16. The equivalent circuit parameters are calculated by using the prototype element values of the 3 rd order elliptical lowpass filter. There is a good agreement between The EM-simulated and circuit-simulated S-parameters are noticed. The main reason for the discrepancy in attenuation at pole frequency is that ideal model has been adopted in circuit simulation and loss of resister and radiation haven't been taken into consideration..
Parametric study of the DGS for tuning the response
The elliptic-function response can be tuned with variation the values of the length 'L' and gap 'g'. The following Table:1 shows the variation of different parameters with different values of length. Where, y 1 is fc ; y 2 is fp and x is split-ring length 'L'.
The following graphs Figure 3 The at variation parameter ttention has be of the 'g' of th rs with differen The variations of the attenuation pole and zero location with different gap 'g' can be shown as follows (Figure 4 Where, y 3 is fc ; y 4 is fp and x is Gap 'g'.
DGS under HI-LO Line
The frequency characteristics of the DGS unit under microstrip line show a very sharp lowpass filtering characteristics but the insertion loss at passband is 0.8 dB, which is not too good and acceptable as a practical lowpass filter. To reduce the insertion loss at passband, the standard microstrip line is replased by High impedance and Low impedance line (HI-LO line) or compensated microstrip line. The low impedance line of width w c having characteristics impedance 33 Ohm is chosen above DGS unit and high impedance line with standard characteristics impedance 50 Ohm is taken towards feed lines as illustrated in Figure 5 
Improvement of Stop band
This is also possible to improve the stopband of the filter with little modification of proposed structure. The band-stop phenomenon can be obtained from a more compact structure by milling only one array of DGSs in the ground plane of the microstrip line. The only condition for the structure to exhibit good band-stop transmission is that the array of DGSs must be centered under the microstrip line, as shown in Fig 6.  Figure 7 shows the simulated S11 and S21 responses of the filter with this new configuration. 
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From characteri loss but t due to the There with com can be do Structure Figure 9 Figure 9 (b). S-parameters of proposed DMS Figure 9 (b) shows that DMS act as a L-C tank circuit and provides one pole frequency. Now, the resonance frequency can be changed by varying any one parameter of the DMS keeping other parameters constant. Let, length 'b' of the DMS is changed, keeping a=g=0.5mm. The ariation of S21 parameters is shown in Figure 9 (c) and variation of resonance frequency with 'b' is shown in the following Table 3 and Figure 9 Mathematically, with the curve fitting of the above graph it is possible to find out what will be the 'b' for specified value of 'fo' using the following polynomial equation. The graphical representation of Table 3 is shown in Figure 9 (d) as follows It has been observed that the DMS (a=1mm, b=10mm, g=0.5mm) provides stop band near 6GHz which is sufficient for removing the first harmonics of the filter. Therefore, the modified DGS with DMS structure is shown in Figure 10 . The performances of the modified structures with and without DMS have been compared and which has been shown in the Figure 10(b) . It has been observed that the first harmonics is totally removed with the help of DMS structure.
Figure 10(a). Scattering Parameters
The prototype structure (Figure 10 frequency and pole frequency are 2.68 GHz and 2.8 GHz with sharpness factor 269.17dB/GHz, whereas, simulated values are 2.6 GHz and 2.72 GHz sharpness factor 235.1dB/GHz, respectively. The attenuation zero is observed is very close to the attenuation pole location. As a result, high sharpness factor is obtained in transition band. The passband insertion loss is almost negligible. The measured result complies with the simulated result to a great extent.
(a). Top plane (b). Ground plane Figure 11 . The photonic views of the proposed structure S21(Measure) S11(Measure) S11(Simulation) S21(Simulation)
Conclusion
A new modified two concentric split ring DGS structure is proposed to achieve better sharpness compare to single split ring resonator. It exhibits the elliptic-function response and almost ideal lowpass filtering characteristics. The response can be tuned by varying the length and slot gap of the DGS unit. A considerable improvement in insertion loss has been achieved by incorporating compensated Hi-Lo microstrip line above DGS. By incorporating three DGS units under microstrip line, a good LPF is realized with a considerable improvement in steepness of the attenuation slope. A wide stopband bandwidth has been achieved by removing the first harmonic with the help of DMS structure in addition with DGS units. A study has also been made with regard to the precision of the milling process so as to show that the dimensions of the DGSs play a crucial role in determining the frequency response of the band. Due to the sharp transition between passband and stop band, negligible passband insertion loss and wide attenuation bandwidth this proposed structure is suitable in the modern microwave and millimeterwave communication systems. 
